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ABS TR AC T
J毛RS-I aTld E R S-1 S A 久 data hav ebee nllS ed to
in v estlBate the u sefuln ess of spa cebor n esynthetic
ape rtu re r ad r for m o nitorlng Of thre ediffere nt
v egetatio ntypes andtheir stlbsequ entgro wing stages.
On e study a re ais loc ated o nPe nin sularM alaysl a,
where n?e paddy, rub ber and oil palrn arethe
do min ating cr op types, a nd the otherin Niigata,
Japa n, where ric epaddyisbeing sttldied.
Re s 11ts sho w a cle ar(po sitive)correlatio nbetw e ezl
the し ba nd backs c atter and the difer ent gr o w lng
stage sfor all thre e v eg tatio ntype s. For rtlbber and
Oilpalm-the c o rrelatio nis m ost proT10 tl n C ed dtlring
也eir early gr o w lng Stage s after which the signals
bec o m e s atur ated before the plants reich their fu lly
gr o w n stages･ Forpaddy, the backs c attered signal
appearsto be s en sitiy e ev enforfu lly gro w nplants.
The beh vior of paddy in S AR･data is ho w e v er
differe nt whe n c o mparing 也e paddy sitesin M alaysia
and illJapan ･ n isis a restltof differe nt ge o metrical
pr operties ofthe paddyfields, whichilltur n, 打 e du e
to spe cialgro w lng Practicesin the both c o u ntries. For
ric e fields in JapaTl, Preli min a∫y re stlls sho w a
slgnificant differe n c ein ba cks c atter re spo n s e
depe nde nt o)1theilantirLg direcdon ofthe rice. T his
fe attlreis TIOt aPPareJltforriccpaddyin M ahysia.
C -band ba cksc atterpro v ed virtuallyin s e71Sitiv efo r
dete cting differe nt gr o w IELg Stagesfor rubbertrqes,
bllt, StlrP lSlngly e n ollgh, sho w ed a clear c orr elatio n
fo r oilpalm s. T his effe ct is du eto the diffe rent
archite ctur e of the tw otre etypes･ Dt)e to.lack of
rm )Iti-te mpo ral E R S-I data, ricepaddy has n otbe e n
in v estigated forC-band.
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m O D U C T IO N
Spac eborn eS A R is a v ery Interesting c omple m ent
to tr aditio n al optlC al se ns ors fo r v egetatio n
m onito n ng, illPartic ularfor m o niton ng ofagn c11tural
crops whereits all- w e ather c apability enables regular
datatakesd minBthe gro wlng Se aso n.
Pr elin ln ary res ults fro mtw o efforts to m o nitorthe
gr o wthof irrlgated rice withJE RS-1 L-ba nd S A R, one
in M alaysla aJld o nein Japa n arebeing prese ntedin
仙is paper･ Al thotlghthe projects ar e･o n-going, r e s ults
obtain ed up to date arebeing disc u ssed･ The paper
als obriefly pres e nts res ults obtain ed fro msttldies of
C- aJ ld L-b and backsc atterfor rubbertre es and oil
pal7nSin M alaysia.
W O R KING A P P R O A C H
Fieldw o rk in M alaysla W e r e C O ndt)ctedin April
`
94,
o n e w e ekpriorto 也e J ER S-1 pass, and in Augu st
`
94,
d ming acqulSitio n. h total, s o m e150testfields w ere
sele cted for gro u ndtrud1･ For rubber and oilpalm the
follo w lng Para m eters W ere m e aSll r ed or e stim ated:
tre e/pla ntheightl Ste m dbh, plantingdensity,
■
c an opy
clo stlre, Planting dire ctio n, gr otlnd v egetatio n and
slope･ Fo r ric e paddy, info r m atio n abo tl gr O W lng
stage, plant height, soil c o nditio n and s oilte xttl re
w er e c ollected.
Fieldw ork in Nigata, Japan, is c urre ntly being
c o ndt)cted ev ery 44 days, i.e. at e v e ry JE R S-1 pass,
fordetai l.ed study ofthe relatio nships betw ee n r adar
respo n s e and rele v ant par a m etersfo rric egro wth,
s u ch as plant height, pla nting de nsity, planting
dir ectio n, plant m oisture co ntent and le afBqe ainde x.
The JE R S-l and E R S-1 data w aspr oc essedto le vel
2･1 and
"
P R r
'
, r e spe ctiv ely(3 lo oksinte n sityiTn age;
ヲange and azim uth c orrelated; gro und ra nge). Sllb ･
1m ageS C O V ering the test fields w ere c o-r egistered
with 皿 OV eral RM Sa cc ur acy of 0.5 - 0.7 pix els . The
pIXels co v eringthe s ele ctedtestfields w ere e xtracted
and the norm alized radar cro ss se ctio n, o o , w as
computed for e ach 丘eldasfollo w s:
CFO - 10* logl O【(D N2)m e a n]＋ c F
where
,
D N is the digitaln umber of aplX el in the S ARitn aBe
and C F is an offset c alibr atio nfactor.
The fields w e rethe n divided into gr o ups
c orr e spondiTlg tO V egetatio nty pe and gr o w lng Stage,
after whichgro up me an s and std･dev･ w ere c o mputed･
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RESULT 5
』 幽 由
Ric e paddy in Kedah and Perlis statesin the
nordlernpart Of West Malayslais planted in Apriland
May and ha rv ested abotlt 120 days later, in Augu st
and Septernber. A s e cond s e as o n stretche s fro m
October- No v e mber to Febru ary- M arch. On e fun
gr o*1ng S e as o ntyplCal1y c o mprisesthe follo w lng
stages:plo w lng, s oilprepar atio n/in u ndatio n, planting,
plantgr o wth, bud ding, rlpe nlng and harv est. In order
to pre serv ethe w aterforthe follo w ing Se as o n, the
丘elds are n or m ally n otdrairLed befo reharv est.
Pla ntinglSperfor m ed either by m an ualplaTlt ng ln
血Indated fields o rby so c alled bro adc asting, where
seeds are spre ad o n w etbare soilfields. In thc for m er
c ase, the in u ndated fields appe arblack in the S A R
im age asthe backsc attered signal fro mthe w ater
surfac eis very lo w, betw ee n-17 and 1 5 dB･ Ripples
or w av es onthe w ater ca us ed by wind or rain ha ve n o
effect o ndieL -ba nd backsc atter. As forbro adc asted
fields
,
the s oils urfac eis ty pic ally w et and v ery
s m o oth,givlng riseto abo ut the s am elo wbacksc atter
asforizldndated fields.
The target respo n sein cre as e s o nly slo wly dllring
the first l･5 m o nth afterplanting, withabo ut1 dB in
av er age, a sthe te nderplants barely affe ct the signal.
T hrougho utthefollo w lng 1.5 m o nthsho w e ver, asthe
pla nts gr o wto their full 1e ngth of abo ut 100c7n, a
Signific an t chaJlge C anbe se e nin the backsc atter
which appare ntlyfollo w sthe plant gr o wth Itr eaches
its m a xim u m valu e abotlt 3m o nths afterplanting･
D町ing the last m o nth beforeharv est, a de cre as e of
abollt I.5 d B c anbe obser ved in the SAR data. This
e ve ntpcoin cides wi ththe finalgro w lnB Stage Of the
ric epla nts whe nthe m oistur e c o ntentsin stalks and
leav esde cr ease and the ric ebegin sto Open.
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Days fr o mPla nting
Figu rel･ Te mpo raJ beha vio r of J E R S-1 L ba nd
backs c atte r obse rv ed fo r im gated ric e in
Malaysia . Day 0 c orre spo nds to the day of
Pla nting, day 1 20 to the day fo r ha rv e st.
Errorbars sho w ＋/- 1 sta nda rd de viatio n.
As the p一ants finally ar e rezn o v ed dudngharv est, a
slgnific ant de cre ase in the backs c atter w o tlld be
e xpe cted･ The large har v esting m achin e sho w e v er,
le av ede ep wheeltracks in the s oft s m o oth s oiland
the inc re as ed s urfac e r ollghn es spartly c o mpe ns ates
forthe abo v eloss. 7Yle n et effectis a m ered crease
ofabo ut1 dB
.
A fterh打V eStho w ev er, oo agaln undergoes adrastic
change, faling so m e617 d B in I.5 m o nths, Altho ugh
ithas n otbe en verified m orethan o ncedl1ringfield
w o rk･ it is belie v ed that w e athering and addito n al
w ater stlP Py co ntribute to bre aking do w nthe r o ugh
s oils urface.
Fig･l sho w sthe temporal ch ange of the radar
ba cks c atterdtlring the fullgro w lng Se as on April1
October 1 994. The errorbars sho w ±1 standard
deviatio nfor CFOfor e ach respectiv egr o w lng Stage.
Day 0indic ates(estim ated)dayforplanting;day110
ripe flelds;day120a mix ofripe and harv estedfields;
a nd day132 har vested fields.
地 塾
Ric e ctlltiv atio nin Jap an is in m any r espe cts
differe nt fro m thatin M alaysia, bothphysically and
with regard to gr o w lngPr aCtices･ In the Niigata ar ea,
也e paddyfields ar e v ery s m all, typlC ally o nly s o m e
60 by 70 m etersin size and neighboring fields are
s eparated by lo w m ud barriers, s o m e10c m high.
Ro ads large e not1ghto c arry a C ai ru npar allel wi th
the 丘elds at a distan c e of n o m or eth an 200m eters
fro m e ach other.
Plantlng is perfor m ed by m e cha nic al planting
de vic es m o tl nted o nthe back ofs m alltra cto rs. T his
r estlls in n e ar-perfect st血 Bhtlin es of ric eplants,
which as w e shalls eelater, has aTn O St Signific a nt
effect o nthe radarba cks c atter. Thefields are-alw ays
irrigated atthe tim eofplanting, which in dlis are a of
Japan oc c ursd打ing thefirst w eek ofMay e very year.
Depe nding o nthe species, the growlng Period v aries
betw een120a nd 135 days･ As a part of the n orTn al
pr actic es, 丘elds m ay be irngated a nd drain ed s ev er al
tim e sduring the gro w l ng period, depe nding o n
w e atherc o nditio ns, n e ed for addito naln utrition s etc.
Du eto the abo v e circ u m stan ces, m o nitoring ofric e
gro wth in Japanis n ot as stralghtfor w ard as e.g. in
M alaysia･ The fact thatdiffere ntspecies w ellm ay be
planted atfields n ext to e ach other, o rthat o n efield
m aybeirrlgated while the next on eis drain ed further
c o mplic atesthe picture, On the otherha nd, a s alm ost
all fields areplanted wi th in aperiod ofa w e ek or10
days, they areal1at appr oxim atelythe s a m egro w lng
stage, in depe ndent of the spe cies. The fact that the
s oilstlrfa ce of drain ed fields n or m allyis m oist and
v e ry s m o oth, als o de creas e sthe differe n cein
ba cksc atterbetw ee ndrain ed a nd irrigated fields.
Depe nde nt on the ge o m etric pr operties of the
fields･ the r adar ba cksc atterv aries slgnificantly.
Fields wi thr o w s oriezlted in r ange dire ctlO nhav ea
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Figu re2･ Te mpo ral behavior of J E R S-l L- ba nd
ba cks c atte rforim gated ric e fields jn Niigata,
Japa n･
'
5(
''
c o r r e sponds to fields pla nted in r a nge
dire ctio n, `廿 ■ to fieJds pla nted in a zim uth a nd
`'
◆
''
to fields pla nted in otherdire ctio ns .
v e ry differe nt appe ar an ce Co mpared to fields wi th
otherl Pla nting directio ns, both in te rm sof total
te mpotal radio m etric dyn amic, a s w ellasin ter m s of
the initialintenslty forbare s oil fields･ A dyn amic
ra nge of abo ut 7 d B for fields planted in r ange
directio nhasbe e n observ ed
,
c omparedto oTly s o m e
3 dB for fields planted ill Other directions. A s ec o nd
pe ak of has be e n obs erv ed
l
for fiElds pla nted
pe rpe ndictl a rto raTlge, i.e. in a ヱilm lth direction,
sho wing a totalradio m etric ra nge of appro xim ately
5 dB 伊ig･ 2)･ An importaJlt Obser v atio n, ho we ver,is
that the o v erall shape of the te mpor al c urve,
r e s e mbling the te mporalctln,e forfields in M alaysia
(Fig･ 1), appe arsto be the sa-nefo ra ny planting
dire ctio n.
AnalysIS Of the v ariatio n sin the total te mpo ral
r adio m etric r atlgeS betw e e nfields with differe nt
pla nting dire ctiollSis appare ntly n ot trivial. At first
tho ught･ o n e c o ulde xpect thatfields planted in range
dir ectio n w odd giv e ris eto alowerbacksc atter
,
opposite to whathasbe e n observ ed, sin c ethe ope n
spac es {)f w ater or bar e s oil betw e e nthe pla ntr o w s
are m ost visi･ble the n a nd a large Part Of the _ 5
tr a ns mitted sign altherefor ew o uldn ot be s cattered
back･ In any otherdirecdo n･the ratio ofricepla nts vs･
_ 6
ope n space w o uld be m t)chlarger andthu s resultin a
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stro ng backsc atteris that the strict ge o m etry of d)e
pla nting r o w s and c olu m n s res ultin that allplants
18
within one res ohltio n cell(18*18meters)interact to
give riseto a u nifor m str o ngbackscatter respo nse. For
-9
fields o riented in other dire ctio ns tha n ra nge
directio n, the strict ge o m etry willinste ad c au sethe
-1 0
backscatterto decre as e･ T he fact that the planting
geo m etryis strictin r o wdirectio n, i. e. the dire ctio n -l l
which die tra ctorhasbee n m o ving, btltless strictin
the dir ectio nperpe ndic ularto this, m ay e xplain the
se c ond pe ak that oc c ursforfields planted in a zim tlth
directio n･ Here･ the lin es ofplants are not as straight
asthe r o w sin the planting directio n･ Ne v ertheles, it
appe arsto be s uffic e nt to enl1 an Cethe backsc attered
slgn al abo v ethe le v el of fields orie nted in other
dire ctio ns.
The initial offs et va riatio nin the ba cks c atterfor
fields with different planting dire ction ca nbe
e xplain ed as res ulting fr om backsc atter c a used bythe
r oads and lm ld barriers which c o nt amin ate pIXels nea,
the edges ofthe flelds･ Ro ads orie nted perpendicular
tothe r ange directio ngiv e ris eto a str o ngbackscatter
c atlS ed by a dihedr al type of do uble bo un ce ofthe
radar slgn al o n the s m oth s oiland the r o ad sides.
Dueto the v ery sm allsiz es ofthe fields how e v er, it is
difficult to e x clude stlCh pix els･
It is obviotlS tha the above dis c ussio n abo ut 払e
backsc atter Tn e Cha nis m s are m ere spe c ulatio ns and
that a m o rethoro ughstudyis required･ Su ch a studyis
c urre ntly u nder w ay, aim lng atPr oviding a m ore solid
dle Oretical backgr o u nd to the dire ction al behavior of
paddyfieldsinJapan .
&
Next, let u s retuT'n tO M alaysia, to ha v e alo ok at
the backs c atterbehavior at L- and C-ba nd fortw o
C O m m O n tre e Cr ops; ubbertrees and oilpaln s･
Rubber tre esin M alaysia n o rmallygr o w to atotal
height of 1 2I 2 0m eters, depe nding o n the soiland
terrain c o nditio n s. T he tru nk di孜m eterSeldo m e xceeds
30c m･ A fter20 - 25ye ars, the produ ctivityde cre ases
and the fields ar en o r m ally･ cle ared for a ne w
ge n er atioTI Of tr ees tobc planted.
Restlts fr o m the ctl r e nt Sttldy sho w a cle ar
c orrelatio nbetw ee nJ ER S-l LE E ba 血d backsc atter
a ndtre eheight(Fig1 3)A T he dyn amic rangeis about 5
d B., widlthe sign alsalt)r ating at atre eheight ofabotl
1 21n eter S･ Tre eheight is clo s ely c o rr elated to
gr o w ing Stage forindividualstands butdepe nding oTl
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Figur e3. L- a nd C-ba nd ba cks catte r v s. r ubber
tre eheight.
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soila ndteITain c o nditiわns, growing spe ed and height
at full gr o wth v ary betw ee n sta ndsI In ge n er al
ho w e v er, 12 m eters willc orr espo nd to an
inter mediate gr owlng Stage, implylng that sattlratio n
occ ursbeforethe stands re achtheirfull gro wt hs. T he
m ajorS Catte n ng m e chanis mforrubbertree sis gro u nd
/tr u nk inter actio n a nd sc attering O n tW lgS a nd
t)ran ches. T he le a v esha v elittle effect o nthe total
backsc alter.
ERS-1 Cv v ba nd data sho w s n o c orr elatio n
betw ee nbacksc atter and tre eheightfor rllbber, oo
v a ryingbetw een 17 and -8 dB e v enfor newly planted
fields･ The m ajor S Catten ng m echa nism at C-ba nd is
sc attering O n the le av es a ndtwigs･ Thisin se nsitivity
eve nforthe yotlng Stage s Whe nthe c anopylS n otyet
fuly de v e
l
10Ped m ay be du eto that the gr o u nd is
c overed by gr as s and/or s o c alled legtl m e Swi th
lea ves ofabo ut the s a m e size as rubberle a ves.
〔迫_ 辿
Oilpalm sn orm ally gro wto atotalheibht of abollt
121 6 m eters, includingthe large fe n -like bra n che s
which e xte nd fro†n the top of the tru nk 一ike a n
u mbrella. T he tru nk is very ro ugh, with sc aleslike a
large spru cec o n e. As witb rubber, the oilpalm s are
produ ctiv efor about 20 - 25years, after which they
als owi llstarttofalloverif they are n otcle ared.
ForL-ba nd･ the dyn amic ra nge betw ee n n e wly
J
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Figure4 ･ L- a nd C-band ba cks catte r v s･ olrPalm
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plaTlted a nd oldoilpalm plan taio n sis abo ut 4d B.
The sign al satur ates at ale v el ofar otl nd ･7 d B, which _1 2
is abo ut1 dB Io w erthan for rubber. This differe n ce
canbe attribtlted to the differ e n c ein structure
betw ee n oilpalm s and rub bertre es･ Dtl etO･the v ery
- 14
rough s urfac e of the tru nks of the palm trees, the
grotlnd/tru nkinter actio nislikely c o ntri butelesstothe
total ba cks c atter, while, o n the other hand, the
Co ntributio nfro mthe c an opy wi thitslarge bra n che s
:aTl be expected to c o ntri btlte mOre･ Atte n u atio nby
血e c an op ylayerin both directioTIS C anbe assu m edto
Further w e ake n the do uble-botln C e effe ct fro m the
h nks anddiegro u nd.
For C-b and, thereis a cle ar c o rrelatio nbetw e en
:adarba cksc atte r a nd gr o wth of the palm tre es, in
;tr o ng c o ntrast to the sittl atio n for r ubber. T he
ユynamicr angeis abo ut3 dB wi ths atur atio m ar o uh d-6
也
, abotlt 1.5 d B higherthanthe s aturatio nle v el for
Ⅶbber･ W i也 tbe large le a ve s 皿d bra n ches of 血e
っalm trees, the ca n opylayeris expe ctedto be 也e by
hr m o stdo minatlnBS Cattererfor C-band.
Fig. 4 and 5 sho w the L- and C-band backsc atter as
bnctio ns of the height ofthe tru nks and thele ngth of
he br an ches, r e spectively. Notable is that the radar
℃SPO nSeS are V ery Similarfor L- and C-band,fo rboth
Funks a nd br a n ches, indic atlng tha t the m ajor
ieatterers forboth frequ e n cies m ay be the s am e,
liv e nthe better separability by bra nch le ngth than
runk heightfor yo u ng palm sfurthe rle ads to the
:on clusio nthat the large bra n ches arethe m o st
･1gnifie an t s catterers als o atL-band.
Oilpalm
×
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Figure5･ L- a nd C-band ba cksc atter v s･ o lpalm
bra n ch le ngth.
S U MM AR Y
Res ults pres ented in th is paper sho w thalLE E-band
B A R is s e nsitiv e fordiffere nt gr o w ing Stages Of
irrlgated ric e･ T he backs catter re achesitpe ak valu e
abo ut o n e m o nth before harv e st, after which itdrops
abotlt l15 dB･ The totalradioz71 elric r angesforpaddy
fields in M alaysla and paddy fields in Japa n w e re
ho w e v erfo u nd to be differ e nt. The ba cks c attered
inte nsityforpaddyfieldsin Japan w erefo u ndto be
str o ngly depe nde nt o nthe pla nting directio n of the
fields, while in M_
alaysia･ the backs c attered signal
w as very ho m oge n e o us. The differe n c ebetw e e nthe
ba cks c atter behavior c anbe e xplain ed by that in
M alaysla･ Where m an u al pla nting bro adc asting is
pra ctic ed･ the ricepla nts c anbe c oTISidered spr e ad
randomly o ver the flelds, while in Japan, m e chanic al
plantl ng r es ult in fields with strict ge o m etrical
pattern s. T he differe n cein size of 也efields w asfolnd
to be a n otherfactor which had signific ant effe ct o n
也e r adarbacksc atter.
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The re sultsfr o m the study of rubbeT aLLd oilpalm
show thatLE E-band S A R is se nsitive fo r 7TI Onito nTlg
the gro wth ofthe (w otre e crops to a certain le y el･
Cv vbandin (urn, Pr o vedto be virtuallylnS e nSitiy eto
the gro wth of rubberin the test are a, while being
c orrelated with the gro wth ofyo u ng oilpalm tiptO a
(tm nk)height of 2 m eters after which the sign al
s attlr ated. T he s aturatio nlev els for rubber a nd oil
palm w erefolndto be differe nt. In c o nclusion, L- and
C-ba nd SAR appeartO C O mPle m e nt e ach otherquite
w eu fo r m o nitonng ofthe tw o tree c rops･ C-band
see m s sllilable fordistinguishing the tw o species asit
satLlr ateS atdiffere ntle vels alre adyfor young gr o wth.
L -band appe ars m o re u s efulfor m oTlitonTlg grow th, aS
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